Abstract. The purpose of this research is to recover slime waste from feldspar flotation plant at Attanee International Co., Ltd., Tak province. Slime waste with particle size less than 230 mesh, is found about 20% of the total ore feed. Since 1985, company has been producing slime waste approximately 200,000 tons, causing a huge pile of stock and obstructing the operation area. The mineral compositions of slime waste by X-Ray Diffraction (XRD) showed that it consisted of albite, orthoclase, quartz, and ferrous impurity minerals such as muscovite, biotite, mica, and garnet. The elemental analysis by X-Ray Fluorescent (XRF) showed that the percentage of grade contained 72.53% SiO2, 15.70% Al2O3, 1.56% Fe2O3, 0.16% TiO2, 0.40% CaO, 0.07% MgO, 4.87% K2O and 4.38% Na2O. After that, this slime waste was sent to the processes of dirt washing, classifying, attrition scrubbing, separating the ferrous impurity minerals, and preparing for flotation by washing drum, trommel, attrition scrubber, cone classifier, permanent drum magnetic separator, wet high intensity magnetic separator, and hydrocyclone. At this stage, the slime mainly consisted of albite, orthoclase, and quartz with 74.43% SiO2, 15.15% Al2O3, 0.12% Fe2O3, 0.04% TiO2, 0.43% CaO, 0.01% MgO, 4.73% K2O and 4.75% Na2O at a yield 35%. Study on fine feldspar flotation, which is for removing quartz from feldspar, showed that the optimum condition of 20% solids must be adjusted to pH 2 by hydrofluoric acid (HF), using A-TD as a collector at 1,400 grams per ton feed, conditioning time and flotation time of 5 minutes each. The results of the study showed that the recovery of feldspar attained 69.7% with 67.82% SiO2, 18.54% Al2O3, 0.14% Fe2O3, 0.03% TiO2, 0.52% CaO, 0.006% MgO, 6.88% K2O and 6.07% Na2O, which meet ceramic industry's specifications.
Introduction
Feldspar is an important raw material for ceramic, glass, pottery, plastics, rubber, paint, electrical wire and glazing industries. The demand of feldspar has been continuously increased particularly on ceramic and glass industries due to its alumina and alkaline contents. Feldspar, a fluxing agent and glass matrix, does not only enhance the transparency of products, but also reduces the melting temperature. As a result, the energy consumption during ceramic and glass manufacturing can be reduced by using feldspar [1, 2] .
Feldspar is generally found under a large variety of geological conditions which is more widespread than other mineral group in the earth crust. The mineralogical composition of feldspar minerals can be expressed in terms of the ternary system: albite is sodium rich feldspar, having an empirical formula of NaAlSi3O8, orthoclase and anorthite are potassium and calcium rich feldspar which are having an empirical formula KAlSi3O8 and CaAl2Si2O8 respectively. Chemically, feldspar is a group of aluminosilicate minerals containing sodium, iron, titanium, potassium, calcium, magnesium or the combination of these elements [3, 4] .
In Thailand, feldspar deposits can be found in many provinces such as Tak, Nakhonsithammarat, Ratchaburi, Kanchanaburi, Uthaithani, Chiangmai, Lumphun and Sukothai. Attanee International Co., Ltd. is one of feldspar producers in Tak area that produces feldspar from the pegmatite veins. Naturally, feldspar deposit in this area is both of sodium and potassium feldspars with other impurities such as quartz, muscovite, biotite, garnet and other minerals containing iron compound. In general, the feldspar are saleable, either with or without simple processing: however, the quality of feldspar can be upgraded by applying conventional concentration techniques, i.e. magnetic separation and flotation [5, 6] . Several studies were conducted to improve feldspar's specifications to meet the requirement of ceramic industries [1, 3, [8] [9] [10] [11] . It is suggested that the specifications of feldspar in ceramic and glass industries are < 70% SiO2, > 17% Al2O3, < 0.1% Fe2O3, with > 5% of both K2O and Na2O [7] .
In this study, slime waste, fine feldspar with particle size less than 230 mesh and chemical compositions of 72.53% SiO2, 15.70% Al2O3, 1.56% Fe2O3, 0.16% TiO2, 0.40% CaO, 0.07% MgO, 4.87% K2O and 4.38% Na2O, were investigated.
Concentration Process (Main Process)

Crushing, Grinding and Magnetic Separation Processes
Firstly, 8" feldspar run-of-mine were transported to a hopper by wheel loader, and to a primary reciprocating grizzly feeder, in order to be screened (-1") and fed into jaw crusher. Ore particles with particle size less than 1" were passed through the slots and washed the dirt off by using spiral classifier. The overflow particles from spiral classifier were sent to the sediment pool, while the underflow particles were sent to secondary reciprocating grizzly feeder to screen the ores at 10 cm. The ores larger than 10 cm were mixed with crushed ore (from jaw crusher). The ores smaller than 10 cm will be sent to another spiral classifier. The overflow particles will be sent to sediment pool, while the underflow particles will be mixed with the crushed ore (from jaw crusher). Then, all of ores that in the conveyor after jaw crusher will be fed into vibrating screen to classify size. The ores smaller than ¾" were stocked in ore bin, while the ores larger than ¾" were crushed by jaw crusher again. The flow sheet of crushing process is shown in Fig. 1 . The coarse ores in the ore bin were fed into hopper and were conveyed to 4x4 and 5x8 ft ball mill. After that, the ores flowed into spiral classifier, the underflow particles were sent to re-grinded in the ball mill again. The overflow particles (smaller than 30 mesh) were sent to trommel to classify size of ore at 30 mesh. Ores larger than 30 mesh were fed into the ball mill again, while the ones smaller than 30 mesh were fed into cone thickener to discard slime that is smaller than 230 mesh in slime pool. Finally, the ores larger than 230 mesh were sent to sump by screw conveyor. The grinding flow sheet is shown in Fig. 2 .
Remark: -Ball mill size 4x4 ft. has fed at the rate of 2 tons/hour; use 1 spiral classifier; cone thickener will discard slime that is smaller than 230 mesh at the rate 0.4 tons/hour. -Ball mill size 5x8 ft. has fed at the rate of 6 tons/hour; use 2 spiral classifiers; cone thickener will discard slime that is smaller than 230 mesh at the rate 1.2 tons/hour.
The slurry in the sump was pumped into 50 mesh trommel which returned oversize back to ball mill and undersize to cone classifier. Cone classifier discarded slime that is smaller than 230 mesh to the slime pool. Underflow particles were sent to attrition scrubber tank for removing surface films. After that, it passed to permanent drum magnetic separator that rejects scrap and high iron contents including mica, garnet, etc. Then, the slurry flows into 2 units of wet high intensity magnetic separator (WHIMS). Magnetic fraction flowed to spiral classifier and shaking table respectively. The non-magnetic fraction was pumped to hydrocyclone. The overflow particles were sent to sump, while the underflow particles were submitted to flotation process. The magnetic separation flow sheet is shown in Fig. 3 . 
Flotation Process
The underflow slurry from hydrocyclone flowed into the Spiral Classifier for dewatering. After that, the slurry was sent to conditioner tank for pH adjustment to 2 by hydrofluoric acid (HF), which is also used as a depressant. A-TD and pine oil were used as collector and frother, respectively. The latter will be added into the slurry prior feeding into the cell. The first cell (Rougher Cell), floating ore will float to the top of cell and be collected, the sinking ore from rougher cell was passed through 4 scavenger cells to recover the remaining feldspar and feed it in rougher cell. The remaining quartz flowed to fine quartz pool and underflow will flow to quartz pool as shown in Fig. 4 . Fig. 4 . Feldspar flotation flow sheet. Figure 5 shows the floating feldspar from rougher cell flows to the 3 units of attrition scrubber tank and spiral classifier. During the process, NANSA which is the reagent for cleaning the ore surface will be added, the overflow feldspar from the last Spiral Classifier will flow to fine feldspar pool and underflow feldspar will flow to feldspar pool. 
Experimental
Materials
Slime waste sample used in this study was obtained from feldspar flotation plant at Attanee International Co., Ltd. It is fine feldspar which was rejected as a waste from the main processing plant. The particle size of slime is smaller than 230 mesh. The mineral compositions of this sample were investigated, in order to find an optimum condition in quartz removal flotation process and improve specification of the feldspar product. Magnetic separation will be pre-treatment prior to the flotation process in order to remove iron minerals.
Equipment, Procedures and Reagents
In magnetic separation process, fine feldspar (slime) from sump was pumped to the open space for drying and fed into hopper by wheel loader. After that, slime was sent into washing drum to clean mineral and scouring. Minerals and other wastes that were larger than 5 mm, including wood and gravel etc. will be exported to the hopper waste. Ores that were smaller than 5 mm are sent into trommel for sizing. Minerals that are larger than 40 mesh will be screened out. While minerals smaller than 40 mesh will be sieved to pass cone thickener to separate clay and adjust percent of solid. Then, it will be sent to scrubber tank for cleaning mineral surface including separate agglomerate fine feldspar and will be sent to permanent drum magnetic separator to eliminate scrap. Next, the slime will be sent to 2 units of Wet High Intensity Magnetic Separator (WHIMS), magnetic fraction will be sent to shaking table to separate mica and garnet which are by products. The non-magnetic fraction will be pumped to hydrocyclone. Overflow particles which are smaller than 325 mesh and underflow which are larger than 325 mesh is sent to filter press for reduce humidity to less than 15% and lead ore to the next step that is flotation process as shown in Fig. 6 . 
XRD analysis
Samples for XRD analysis were prepared by grinding the samples to minus 325 mesh and inserted into a holder with cover glass and inserted in sample changer. The samples were analyzed using an X-ray diffractometer (D8 Advance Brucker).
XRF analysis
Samples ground to minus 325 mesh were mixed with XRF wax powder and was filled in the aluminum ring.
Then, press to a pellet with hydraulic press and bring the pallet to XRF machine. An X-ray fluorescence spectroscopy (S2 Ranger EDXRF) was used for the analysis.
Results and Discussion
Particle Size Distribution and Sample Characterization of Slime
Mean size (d50) was around 45 µm (325 mesh) and the amount of 45 µm particles was about 70% by mass. A plot of cumulative % passing versus particle size (µm) is shown in Fig. 7 . The XRD pattern and chemical analysis, which is analyzed by XRF machine, of sample are shown in Fig. 8 . and Table 1 ., respectively. It showed that the main gangue minerals were silicate minerals which consisted of quartz, albite, orthoclase and ferrous impurity minerals such as muscovite, biotite, mica and garnet. The contents in slime comprised mostly of SiO2 and Al2O3 and amounts to about 90%. Fig. 7 . Cumulative % passing of slime sample versus particle size (µm).
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Particle size (µm) Fig. 8 . XRD pattern on slime sample. 
Magnetic Separation Process of Slime
After magnetic separation process, the slime concentrate consisted the most of albite, orthoclase and quartz with XRF analysis as shown in Table 2 . It showed that the slime has very high grading of SiO2 that is remain unsuitable for commercial specification at a yield of slime approximately 35%. Thus, this slime could be upgraded by flotation technique. 
Froth Flotation
Since feldspar can be separated from quartz-feldspar mixture by froth flotation. At the best selectivity which is acidic solutions with amine as collector and hydrofluoric acid as a modifier [12] . Upgrading slime by froth flotation in order to separate feldspar and quartz is elaborated in varied pH conditions and quantity of collector. In acid condition, floated product rather sticks with bubble. At pH 2 color of floated product is orange and sink product is white. In base condition, floated product is less stick with bubble. At pH 10, color of floating product and sinking product is lightly orange. The results showed that during pH 3 and pH 12, quartz and feldspar cannot be separated, while atpH 2, quartz and feldspar can be separated. Because the zero point of charge (ZPC) of quartz is at pH 2 and feldsparstill remains negative charge at pH 2 as shown in Fig. 9 [13] . Thus, at this pH is optimum condition for separation. Amount of collector can affect the separation. The optimum amount of collector is 140 -180 mL as shown in Table. 3. And the chemical component of floated product and sink product is shown in Table 4 . That is suitable for ceramic industry. Fig. 9 . Zeta-potential of quartz and feldspar.
Conclusions
The study of recovery slime waste from feldspar flotation plant, after magnetic separation process and froth flotation process, experimental study indicated that product specification could be upgraded to ceramic industry. It is suggested that Hydrofluoric acid (HF) should be used as a pH modifier, and adjusted to pH 2 While, A-TD is a collector. Approximately 140,000 mL per ton feed led to yield of 69.7%, and provided feldspar concentrates assaying 67.82% SiO2, 18.54% Al2O3, 0.14% Fe2O3, 0.03% TiO2, 0.52% CaO, 0.006% MgO, 6.88% K2O and 6.07% Na2O.
